The study of the gills of 361 Tilapia guineensis was conducted from July 2015 to June 2016 to determine the effect of seasonal changes, host size and sex on the incidence of monogenean parasites infection. Standard methods of parasitological examination were used for identification of monogenean species. Eleven species were identified. Seasonal changes in the rates of infection for all the monogenean species were found. The highest values of prevalence and mean intensity were observed in the rainy seasons and the lowest values in the long dry season, particularly. The parasite load of all monogenean except of Cichlidogyrus kouassii increased with the size of the fish. It also showed that the sex of the host influenced the parasites burden. The intensities of infection of C. vexus, C. ergensis, C. cubitus were higher in female fish than in male. Moreover, C. digitatus and C. dossoui were more concentrated in male than female whereas there was not a difference in infection of C. anthemocolpos, C. arthracanthus, C. yanni, C. lagoonaris, C. louipaysani and C. kouassii based on the sex of Tilapia guineensis. This could enable the use of appropriate methods to fight against these pathogens, especially in intensive fish farming.
INTRODUCTION
The growing demand for food sources, particularly protein, has made aquaculture to be one of the fastest growing food sectors in the world. Among the variety of freshwater fish, Tilapia has become one of the major cultured fish in the world after carp fish (ElSayed, 2006; Wang and Lu, 2015) . Tilapia guineensis (Bleeker, 1862 ) is a euryhaline species found in estuaries and lagoons of West Africa (Philippart and Ruwet, 1982) . This species has gained an increasing interest for aquaculture purposes, particularly in the estuaries and extensive lagoon systems which constitute its natural range (Akinwumi, 2003; Akinrotimi, 2006; Toko et al., 2010) . This species contributes significantly to the economy and health benefits of the fishers in the riverine areas where other animal sources of proteins are beyond the reach of the poor populace. Health benefits of fish and fishery products are increasingly being recognized (Tammy, 2002) , placing a high demand on fishery products. According to Baidoo et al. (2015) , among numerous factors that affect the production of Cichlids are parasitic infections and diseases.
Monogeneans are parasites mostly found on the gills and skin of freshwater and saltwater fish. They invade the rectal cavity, ureter, body cavity, nostrils, intestine, stomach and even the vascular system (Pariselle and Euzet, 1998; Whittington et al., 2000) . Their development cycle is direct (no host intermediary) and has a larva with cilia often swimming (oncomiridia), which is an only free stage. There is an equilibrium between host and parasite and monogenean parasites cause few obvious problems in nature. However, these parasites can reach very significant prevalence in captivity, such that the number of affected fish and the parasite load per host are both increased, which makes the disease evident and severe (Aloo, 2002 ; Buchmann and LindenstrØm, 2002) . Tilapia guineensis, which is economically and ecologically important as food fish and for aquaculture could face such problem. This requires a good taxonomic and biological knowledge of pathogenic agents. For Sures and Streit (2001) , knowledge of fish parasites is of particular interest in relation not only to fish health but also to understanding ecological problems. Parasitological knowledge has been useful in the development of the aquaculture industry in many parts on the words through the production of vaccines, antibiotics and introduction of bio-security measures to minimize the mass fish mortalities and boots global food fish (Lom and Dykova, 1992) .
In Côte d'Ivoire, few studies (Pariselle and Euzet, 2009 ) have been conducted on monogenean parasites of Tilapia guineensis. However, when all published information is considered, the data on parasitic monogenean of this fish species are still insufficient. Moreover, none of the previous studies have focused on the frequency of parasitic infection and its variation due to season, host size and sex. Therefore, the aim of the present study was mainly to fill these gaps in the knowledge on the parasitic monogenean of Tilapia guineensis in man-made Lake Ayamé 2.
MATERIALS AND METHODS Fish sampling
A total of 361 Tilapia guineensis specimens were caught from Lake Ayamé 2 between July 2015 and June 2016. This Lake is located in southeast of Côte d'Ivoire (5°34'-5°37' N and 3°09'-3°10' W) and is the one of hydroelectric dam in the country (Figure 1 ). Fish samples were captured using gill-nets and commercial fish landings and held workshop with the local fishermen. Once caught, the fish were immediately identified according to the keys given by Teugels and Thys van den Audenaerde (2003) . The standard length (SL) of each specimen was measured to the nearest 1 mm on a measuring board and its sex was determined. Fish whose, standard length (LS) ranged from 140 to 200 mm have been placed in six class sizes which are class A (140 ≤ SL < 150), class B (150 ≤ SL < 160), class C (160 ≤ SL < 170), classes D (170 ≤ SL < 180), class E (180 ≤ SL < 190) and class F (190 ≤ SL ≤ 200) .
In the laboratory, the gills from each side were dissected and were placed in various Petri dishes. Monogeneans were collected and mounted on a slide into a drop of ammonium picrate-glycerine mixture (Malmberg, 1957) . The identification of the parasite species was carried out under the light microscope, based on the shape and/or size of the sclerotised parts of their haptoral and copulatory complexes as described by Pariselle and Euzet (2009) .
Parasitological analysis
The data of prevalence (proportion of the infected population) and mean intensity (mean number of parasites of infected hosts) for all monogenean joined were calculated as suggested by Bush et al. (1997) . Based on the prevalence, species was considered as common (core) if the prevalence is greater than 50%, intermediate (secondary) if prevalence is between 10 and 50% and rare (satellite) if prevalence is less than 10% (Valtonen et al., 1997) . The mean intensity (MI) was high if MI is greater than 100, medium if MI ranged between 50 and 100, low if MI ranged between 10 and 50; and very low if MI is less than 10 as described by Bilong Bilong and Njiné (1998) .
Statistical analysis
The difference in parasite prevalence was tested by using Chi-square (X 2 ). The
Kruskal Wallis (K) was used to test the differences in intensity of infestation between seasons and host size classes. Following a significant main effect, Mann-Whitney (U) analysis was used to test pair wise comparison. Effect of host sex on infestation intensity of each parasite species was examined using Mann-Whitney's test. All steps of this method were computed using STATISTICA 7.1 software.
RESULTS
Eleven species of monogeneans were identified on the gills of the fish: Cichlidogyrus vexus, C. ergensis, C. cubitus, C. anthemocolpos, C. arthracanthus, C. yanni, C. digitatus, C. dossoui, C. lagoonaris, C. louipaysani and C. kouassii (Table 1) .
Cichlidogyrus yanni was absent during the small dry season. Significant differences were noted among seasonal rate of infestation (X 2 = 21.73, df = 3, p = 0.00< 0.05) with the highest value (23.08%) in the small rainy season. The highest value of the mean intensity was 2±1 and was recorded in the long dry season. The intensity of infestation also varied significantly during the seasons (Kruskal Wallis, p < 0.05) and changed from one season to another (Mann-Whitney, p < 0.05), except from the small to the long rainy seasons and from the long dry to long rainy seasons (Table 1) .
Cichlidogyrus digitatus / C. dossoui / C. lagoonaris
The rate of infestation of Cichlidogyrus digitatus ranged from 76.26% in the long rainy season to 8% in the small dry season. Significant difference was found in prevalence of infestation between seasons (X 2 = 97.46, df = 3, p = 0.00 < 0.05). The minimum level of mean intensity (1.43± 1) was observed in the long dry season and the maximum level (3.37±1) in the small rainy season. Kruskal Wallis test was significant between seasons (p < 0.05) and the intensity of infestation changed from one season to another (Mann-Whitney, p < 0.05), except from the long dry to the long rainy seasons (Table 1) .
For Cichlidogyrus dossoui, the minimum prevalence of infestation (4%) was observed in the small dry season and the maximum (71.22 %) in the long rainy season. There was a significant difference among prevalence of seasons (X 2 = 77.57, df = 3, p = 0.00 < 0.05). Mean intensity values ranged from 1.01±0.05 to 3.75±1. Statistically, significant difference was recorded in the intensity of parasites between seasons (Kruskal Wallis, Mann-Whitney, p < 0.05) ( Table 1) .
Cichlidogyrus lagoonaris was not detected in the small dry season. The maximum prevalence (11.51%) of this parasite was found in the long rainy season and mean intensity (3.33±0.5.) in the long dry season. During the year, prevalence and intensity of infestation differed statistically between sampling seasons (X 2 = 13.08, df = 3, p = 0.00 < 0.05, Kruskal Wallis, MannWhitney p < 0.05) ( Table 1) .
Cichlidogyrus louipaysani / C. kouassii The monogenean Cichlidogyrus louipaysani was observed in each fish examined in the long rainy season, with a maximum prevalence (30.94%). The minimum rate of infestation (4%) was obtained in the small dry season. Seasonal variation of prevalence differed significantly (X 2 = 14.85, df = 3, p = 0.00 < 0.05). Mean intensity values ranged from 1.2±0.1 in the small dry season to 2.43±0.1 in the small rainy season. There were significant differences between seasons (Kruskal Wallis p < 0.05) and the intensity of infestation changed from one season to another (MannWhitney, p < 0.05), except from the small rainy to the long rainy seasons (Table 1) .
Seasonal prevalence of Cichlidogyrus kouassii varied between 0 and 15.38%, being the highest in the long rainy season and the lowest in the small dry season. The values of mean intensity ranged between 0 and 3±1.5, respectively.
There were significant differences in the prevalences and the intensity of infestation of seasons (X 2 = 45.84, df = 3, p = 0.00 < 0.05; Kruskal Wallis p < 0.05) and varied from season to another (Mann-Whitney, p < 0.05), except from to the small to the long rainy seasons and from the long dry to the long rainy seasons (Table 1) .
Occurrence of monogenean species according to length classes of the host fish Cichlidogyrus vexus / C. ergensis / C. cubitus
The maximum prevalence (100%) of Cichlidogyrus vexus and mean intensity (48.59±3) were found in the classes E and F, respectively. The minimum prevalence (87.69%) and mean intensity (5.63±1.64) were recorded in the class A. Statistical tests showed that there was no significant difference in the prevalence according to the size class (X 2 =10.72, df = 5, p = 0.057 > 0.05). However, a significant difference in the intensity of infestation was found (Kruskal Wallis p < 0.05) ( Table 2) . As for C. ergensis, the highest prevalence (100%) was registered for class F and the lowest (58.46%) for class A. The values of mean intensity varied from 7.21±3.12 to 24.22±5.13. Prevalence and intensity of infestation were significantly different (X 2 = 60.80, df = 5, p = 0.00 < 0.05, all comparisons, p < 0.05) ( Table 2) . The minimum and maximum prevalence (49.23% and 88.33%) of C. cubitus were observed for classes A and E, respectively. The Chi-square test indicated statistically significant difference (X 2 = 49.04, df = 5, p = 0.00 < 0.05). The mean intensity increased progressively with host size and reached the highest values (20.80±4.3) in the class F. Globally, the difference was statistically significant (Kruskal Wallis p < 0.05) ( Table 2) .
The lowest prevalence (38.48%) of Cichlidogyrus anthemocolpos was recorded in the fish of the class A and the highest values (91.67%) in the class E. The values of mean intensity were lower (5.31±1.5) in the class C and higher (18.50±3.5) in the class F. The rate of infestation was significantly increased with length (X 2 = 67.93, df = 5, p = 0.00 < 0.05, Kruskal Wallis p < 0.05) ( Table 2 ). For C. arthracanthus, the prevalence and the mean intensity were maximum (84% and 5.90±1, respectively) in the class F and minimum (16.92% and 1.82±1, respectively) in the class A. Differences were significant at 5% among the size classes (χ2 = 67.71, df = 5, p = 0.00 < 0.05, Kruskal Wallis p < 0.05) ( Table 2) .
Cichlidogyrus yanni was absent in the fish of the size class B. The highest prevalence (28%) was found in the class F. The differences in the prevalence between the classes were significant (X 2 = 41.83, df = 3, p = 0.00 < 0.05). The highest mean intensity (2.14±1.3) was registered in the class F (Kruskal Wallis p < 0.05) ( Table 2) .
Cichlidogyrus digitatus / C. dossoui / C. lagoonaris The highest prevalence (88%) of Cichlidogyrus digitatus was registered for class F and the lowest (27.69%) for class A. A significant difference was found according to the size classes (X 2 = 68, df = 5, p = 0.00 < 0.05). The values of mean intensity were lower (1.14±0.1) in the class A and higher (2.90±0.3) in the class F. The difference of intensity of infestation between size class was statistically significant (Kruskal Wallis p < 0.05) ( Table 2) . For Cichlidogyrus dossoui, the highest prevalence and mean intensity were recorded for class F with 92% and 3.10±2, respectively. Class A possesses the lowest prevalence (15.38%) and mean intensity (1.21±0.7 ). Differences were significant at 5% between the size classes (X 2 106.07, df 5, p = 0.00 < 0.05, Kruskal Wallis p < 0.05) ( Table  2) .
Cichlidogyrus lagoonaris was absent in fish on the size classes A and B. The highest prevalence (18%) was found in the class F and the lowest (0%) in the classes A and B. The values of mean intensity varied from 0 to 2.86±1.6. Statistical tests showed significant difference in rates of infestation (X 2 = 26.59, df = 5, p = 0.00 < 0.05, Kruskal
Wallis p < 0.05) ( Table 2) . Cichlidogyrus louipaysani / C. kouassii Cichlidogyrus louipaysani was not present in fish on size class A. The highest prevalence (42%) was recorded for class F and the lowest (0%) for class A. The values of mean intensity were lower (0) in the class A and higher (2.33±0.8) in class F. Prevalence and intensity of infestation were significantly different (X 2 = 37.47, df = 5, p = 0.00 < 0.05) ( Table 2 ).
The maximum prevalence (10%) of Cichlidogyrus kouassii was recorded in the class F and the minimum (1.59%) in the class B. Statistical tests showed significant difference in prevalence according to the size classes (X 2 = 5.05, df = 5, p = 0.4 ˃ 0.05).
Mean intensity ranged from 2±0.4 in the class A to 2.67±1.4 in the class F. No significant difference was found in the intensity of infestation according to the size classes (Kruskal Wallis p > 0.05) ( Table 2) .
Occurrence of monogenean species on fish hosts in relation to host sex Cichlidogyrus vexus / C. ergensis / C. cubitus Cichlidogyrus vexus was present in 97.80% with a mean intensity of 24.48±2.7 of female Tilapia guineensis and 90.17% with a mean intensity of 13.32±1.61 of male host. Prevalence values were not significant at 5% (X 2 = 9.75, df = 1, p = 0.06 > 0.05). In contrast, significantly higher intensity of infestation was observed in females than in males (Mann-Whitney p < 0.05) ( Table 3 ). The rate of infestation by Cichlidogyrus ergensis was 81.50% for male fish and 82.44% for female fish. The Chisquare test (X 2 ) applied at the occurrence of this parasite showed that these values were not statistically significant (X 2 = 0.05, df = 1, p = 0.8 > 0.05). Intensity of infestation was 9.14 ±0.2 for male and 20.35±0.1 for female. The difference between host sex was statistically significant (Mann-Whitney p < 0.05) ( Table  3) . For Cichlidogyrus cubitus, prevalence and mean intensity values were 71.09% and 9.52±0.9 for male and 76.06% and 14.14±2.5 for female fish, respectively. Differences were not significant between the male and female (X 2 = 1.15, df = 1, p = 0.3 > 0.05). However, Mann-Whitney test analysis showed that the females were more parasitized than males (p = 0.03 < 0.05) ( Table 3) .
Cichlidogyrus anthemocolpos / C. arthracanthus / C. yanni
Prevalence and mean intensity of Cichlidogyrus anthemocolpos were 73.40% and 10.97±1 for female and 70.52% and 11.18±0.6 for male, respectively. Statistical tests showed no significant difference in rates of infestation between host sex (X 2 = 0.37, df = 1, p = 0.54 > 0.05; Mann-Whitney p > 0.05) ( Table 3) . As for Cichlidogyrus arthracanthus, it was present in 45.08% of male host and 39.89% of female host. The intensities of infestation were 4.10±0.5 in the male and 3.89±0.6 in the female. The prevalence and the intensity of infestation were not significantly different (X 2 = 0.99, df = 1, p = 0.3 > 0.05; Mann-Whitney p > 0.05) ( Table  3) . For Cichlidogyrus yanni, it was present in 11.70% of female host and 6.93% of male host. The mean intensity was 1.59±0.02 in the female and 1.75±0.01 in the male. Statistical tests indicated no significant difference in rates of infestation between host sex (X 2 = 2.40, df = 1, p = 0.12 > 0.05; Mann-Whitney p > 0.05) ( Table 3) .
Cichlidogyrus digitatus / C. dossoui / C. lagoonaris
The rate of infestation of Cichlidogyrus digitatus was 54.33% of male and 46.80% of female host. No significant difference was observed according to host sex (X 2 = 2.04, df = 1, p = 0.15 > 0.05). Mean intensity values were 2.64±0.8 for male and 1.04±0.1 for female. A significantly higher intensity of infestation was observed in male than female (Mann-Whitney p > 0.05) ( Table 3) . As for Cichlidogyrus dossoui, the prevalence and the mean intensity were 46.27% and 1.17±0.03 for female and 52.60% and 2.5±1.9 for male, respectively. The Chisquare test (χ2) applied at the occurrence of this parasite showed that these values were not statistically significant (X 2 = 1.44, df = 1, p = 0.2 > 0.05). In contrast, a significantly higher intensity of infestation was observed in male than female (Mann-Whitney p > 0.05) ( Table  3) . The number of infected fish of Cichlidogyrus lagoonaris was 6.91% with a mean intensity of 2.11±0.5 for male and 5.20% with a mean intensity of 2.84±1.6 for female host. No significant difference was observed according to host sex (X 2 = 0.46, df = 1, p = 0.5 ˃ 0.05; Mann-Whitney p ˃ 0.05) ( Table 3) .
Cichlidogyrus louipaysani / C. kouassii
The prevalence of C. louipaysani was 27.74% for male fish and 20.74% for female one. The mean intensity was 2.18±0.6 for female and 2.33±0.6 for male fish. No significant difference was observed according to host sex (X 2 = 2.41, df = 1, p = 0.12 > 0.05;
Mann-Whitney p ˃ 0.05) (Table 3) .
Cichlidogyrus kouassii was present in 6.35% male host and 3.72% of female host. The intensities of infestation were 2.36±1 in the male and 2.57±1 in the female. The prevalence and the intensity of infestation were not significantly different (X 2 = 1.32, df = 1, p = 0.25 > 0.05; Mann-Whitney p > 0.05) ( Table 3 ). [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] 50 88 18.50 ± 3.5 E-F 0.1 
C. arthracanthus

DISCUSSION
In this study, eleven parasite species belonging to genus Cichlidogyrus were recorded on the gills of Tilapia guineensis from man-made Lake Ayamé 2. The polyparasitism observed in this study has also been reported by various authors in mouthbreeder tilapias. Pariselle and Euzet (2009) reported nineteen monogenean species infested the same fish gill system. The gills of Tilapia zillii harboured eight monogenean species (Ibrahim, 2012) . Also, it appears from the work of Blahoua et al. (2016) that six monogenean species colonized the gills of Oreochromis niloticus from man-made Lake Ayamé 1. This colonization of T. guineensis by several congeneric species could be explained by the permanent presence of vacant niches on its gill biotope. In fact, according to Buchmann and LindenstrØm (2002) and Simkova et al. (2006) , in the natural environment, the parasitic load is generally weak and therefore, the niches are always available on the gill biotope, facilitating the simultaneous colonization of the same host by several species of monogeneans.
All the species of monogeneans identified have been present throughout the year in the host, except for Cichlidogyrus lagoonaris, C. kouassii and C. yanni which were absent in small dry season. A definite seasonal effect was noted for all monogenean infracommunities under investigation. The highest prevalence and mean intensity of infection were observed in rainy seasons (long and small rainy seasons) and the lowest ones in dry seasons (long and small dry seasons). Our results coincide with those of Blahoua et al. (2015 Blahoua et al. ( , 2016 who pointed out that monogenean parasites on the gills of Tilapia zillii and Oreochromis niloticus respectively, showed higher prevalence and intensity of infection in the long rainy season and lower rate of infection in long dry season. Similarly, Bilong Bilong and Tombi (2005) had reported that Dactylogyrus insolitus and D. bopeleti appeared to be more prevalent and more abundant in the rainy seasons on the gills of Barbus martorelli. They explained this by the fact the dry seasons were characterized by the mortality of adult worms due to of higher water temperature. In fact, temperature is recognized as an important factor in controlling the occurrence of monogeneans but different species appear to react in different ways (Modu et al., 2014) . However, it is evident from other fields studies (Keremah and Inko-Tariah, 2013; Modu et al., 2014 ) that temperature is not the only factor influencing the proliferation of monogenean biomass, other abiotic factors such as pH, dissolved oxygen, ammonia, concentration of suspended solids, conductivity, water transparency) might mask the effect of temperature. As thought by the authors mentioned above our results could be due to the effect of these factors.
It has been observed that for the majority representatives of the studied component infracommunity, specific parasitic load increased with the host size. Various authors have found positive correlations between parasitic load and host size. Tombi et al. (2014) reported that the highest mean intensity of Dactylogyrus amieti and Dogielius njinei were observed in larger fish (LS > 7.5 cm) compared with other groups. Blahoua et al. (2016) found that specimens of Oreochromis niloticus whose standard length varied between 100 and 250 mm harbored more monogeneans than those whose Standard length was between 50 and 100 mm. This observation can be due to the fact that, larger fish had more time to accumulate parasites than younger ones (Ibrahim, 2012) . According to Tekin-Özan et al. (2008) , larger fish offer large colonized surfaces area to parasites. In fact, the gill filaments are the supporting organs on which monogeneans are attached, their growth with size of Tilapia guineensis would increase the colonizing gill surface, which would justify the growth of parasitism with the size of this host. Furthermore, the volume of water that passes through the gills of larger fish is more important and thus conveys more oncomiracidium (Simkova et al., 2006) . Conversely, we pointed out no correlation between the parasitic intensities of Cichlidogyrus kouassii with the size of Tilapia guineensis. These observations corroborate those of Turgut et al. (2012) who showed that the size of Cyprinids had no influence on the occurrence of its monogenean gill parasites. Our results can be explained by the production of the chemical stimuli (mucus) by big fishes. In fact, one or more components of this mucus which permits the infective stages of Cichlidogyrus kouassii to identify host species would interfere with reproductive functions of big host fishes. This result would be a weak attractiveness to the infective stages by big hosts.
In Tilapia guineensis, Cichlidogyrus lagoonaris, C. louipaysani and of C. kouassii showed no preference for host sex. This observation agrees with the findings of Tombi et al. (2014) who found no difference in infection of C. thurstonae, C. halli and C. tilapiae attributable to the sex of Oreochromis niloticus. Similar observations were made by other researcher such as Blahoua et al. (2015) . This result suggests that very few parasites species have a preference in relation to the sex of the host (Rohde, 1993) . However, females T. guineensis were heavily infested by Cichlidogyrus vexus, C. ergensis, C. cubitus and C. anthelmocolpos. Ibrahim (2012) also showed that the prevalence and mean infection intensity of Cichlidogyrus arthracanthus, C. aegypticus, C. tiberianus and C. tilapiae were higher in the female host fishes than in the male ones. The highest prevalence and mean intensity of female fishes may be related to investment in reproduction of female fishes is more costly than that in males ones, thus females are more susceptible to parasite infection in periods of investment in gonad developpement (Simkova et al., 2005; Ibrahim, 2012) . These results also may be attributed to the immune response of the host due to in the endocrine glands activities between the male and the female host fishes which have been suggested by Ibrahim and Soliman (2011) . Furthermore, males Tilapia guineensis were more infested by Cichlidogyrus arthracanthus, C. yanni, C. digitatus and C. dossoui. Aloo et al. (2004) had also reported that males tended to harbor more parasites than females in many freshwater fish species. Our results could be due to the combination of several factors including host's diet as reported Siddiqui et al. (2014) .
